Introduction
============

Sperm production ([@bib14]) and fertility ([@bib25]) in the photoinhibited Djungarian hamster have been shown to be highly dependent on follicle stimulating hormone (FSH) with testosterone (T) only necessary for mounting behaviour ([@bib14]). Consistent with this, spermatogenesis spontaneously resumes after lengthy (15 weeks) periods of short day (SD) conditions with this resumption being associated with a prompt rise in serum FSH but not T ([@bib23], [@bib37]). The Djungarian hamster is considered unusual compared to our understanding of the hormonal regulation of spermatogenesis in other rodent models. Extensive research in mice and rats show that although FSH plays a key role in early germ cell development, it is incapable of supporting meiosis and spermatid maturation and completion of this process depends on T ([@bib16]). The Djungarian hamster is a seasonal breeder and photoinhibition suppresses pituitary luteinizing hormone (LH; and as a result testicular T to 5% of normal levels) and FSH, and as a consequence, spermatogenesis is disrupted primarily during spermatogonial development ([@bib3], [@bib14], [@bib37]). This profound spermatogenic suppression is not observed in gonadotrophin-deplete mice and rats, making the Djungarian hamster an ideal model to study hormonal control of spermatogonia. When testicular T levels were partially restored to 30% of long day (LD) control in the Djungarian hamster by exogenous LH treatment ([@bib24]), which in the adult rat is sufficient to fully maintain and support spermatogenesis ([@bib16]), little to no changes were observed in testis weight, seminiferous tubule lumen development, tubule diameter and spermatogenesis ([@bib24]). A mild increase (twofold above photoinhibited or SD control) in primary spermatocytes number was observed; however, the accuracy of this result remains uncertain given that the method of stereological quantification was not described ([@bib24]). Another study reported that T treatment (Silastic implants of between 0·5 and 1·5 cm for 8 weeks) given to photoinhibited hamsters did not affect testis weight, germ cell number (per testis basis) as assessed by flow cytometry, sperm number, fertility or litter size ([@bib14]). However, it should be noted that this treatment also failed to show an increase in testicular T levels above that of photoinhibited controls ([@bib14]). Hence, there is little data available to support an action of T in the re-initiation of spermatogenesis in the SD hamster.

Testosterone can be irreversibly metabolised in the testicular and peripheral tissues by either 5α-reduction to dihydrotestosterone (DHT) or aromatisation to E ([@bib40]). Although T is the predominant androgen in the normal testis, it is recognised that DHT is the more potent androgen ([@bib10], [@bib7], [@bib5], [@bib42], [@bib29]) and that in the setting of low testicular T, DHT plays an important role in supporting spermatogenesis in the adult rat ([@bib29], [@bib27]). Evidence supporting a direct action of E on spermatogenesis is lacking, although oestrogens are important for fluid absorption in the epididymis (for review, see [@bib11], [@bib28], [@bib30], [@bib31]). Direct effects of E have been reported in the aromatase-deficient ([@bib35]) and the congenital gonadotrophin-releasing hormone-deficient (hpg) ([@bib8]) mouse. In this latter study, exogenous E was shown to induce spermatogenesis although these effects may have been due to stimulation of FSH production ([@bib8]). In the adult Djungarian hamster testis, a novel role for E, independent of apparent FSH action, has been reported in the re-initiation of spermatogenesis following photoinhibition ([@bib33]). Exogenous E has also been shown to induce germ cell apoptosis in the adult Syrian hamster, although serum T and FSH were also reduced in this model which confounds the interpretation of this data ([@bib26]).

The present study sought to determine the long-term (33 days) effect of T, DHT and E on the re-initiation of the spermatogenic process in the photoinhibited Djungarian hamster. To determine changes in cell populations, the optical disector (*sic*) stereological technique was used to quantify spermatogonial, spermatocyte, spermatid and Sertoli cell numbers following hormonal manipulation. Serum and testicular steroid levels were monitored in all groups. This study found that both androgen and oestrogen can upregulate Sertoli and early germ cell populations, but that neither steroid was effective in supporting spermiogenic cells. The data also suggest that an additional factor, presumably FSH, is required for full spermatogenesis in this model ([@bib14], [@bib20]).

Materials and Methods
=====================

Animals
-------

Forty adult Djungarian hamsters (also called Siberian hamsters, *Phodopus sungorus*) were bred, raised and housed for up to 180 days under artificial LD or SD photoperiods at a constant temperature (22  °C) with free access to pelleted food and water in the colony of the Institute of Reproductive Medicine, University Münster, Germany (for details [@bib13]). All experiments were in accordance with local guidelines and with German law on the care and use of laboratory animals. All hamsters included in the experiments had large testes as determined by palpation at the onset of the experiment.

Steroid implants
----------------

Implants were made with either T (Sigma; T-1500), DHT (Sigma; A-8380, 5α-androstan-17β-ol-3-one) or E (Sigma; E-8875, β-oestradiol (1,3,5 (10)-estratriene-3,17 β-diol)) into 3 cm implants medical-grade polydimethylsiloxane Silastic tubing (Dow Corning Corp., Midland, MO, USA; inner diameter, 1·59 mm; outer diameter, 3·18 mm) plugged at each end with medical adhesive silicone type A as previously described ([@bib34]). In terms of E-filled Silastic implants, E was mixed 1:10 (10%), by weight with cholesterol (Sigma Chemical Co., C-8667; cholesten-3-β-ol, cholesterol was used as a packing agent only). All steroid doses were exactly as reported by [@bib8] in the study of spermatogenic regulation in mice.

Experimental design
-------------------

### Suppression phase by photoinhibition

Five groups of hamsters (*n*=8 per group) were used. Thirty-two LD (16 h light/8 h darkness) hamsters were transferred into SD photoperiods (8 h light/16 h darkness) for 11 weeks to inhibit reproductive function. One group of hamsters (*n*=8) remained under long photoperiods as reproductively active LD controls. The response to photoinhibition was assessed by palpation after which all hamsters with no palpable testes were included in the study. Hamsters were then allocated to one of the four groups, three groups of which received steroid treatment.

### Recovery phase by hormone treatment

Photoinhibited animals received either T, DHT or E-filled Silastic implants for 33 days (nearing to one full cycle of spermatogenesis, with one cycle of spermatogenesis being 35 days and 7·9 days for the cycle of the seminiferous epithelium ([@bib39]). Two groups of control animals were used, photoinhibited (SD) and photostimulated (LD), both of which received 3 cm filled cholesterol implants. All animals were killed by decapitation under anaesthesia after 33 days of steroid treatment. Hamsters were aged between 150 and 180 days old at the time of death.

Tissue collection
-----------------

Trunk blood was collected and allowed to clot overnight at 4  °C prior to serum collection for hormone assays. Testes, prostates, seminal vesicles and gonadal fat pads were then excised and weighed. The left testis was immersion-fixed in Bouin\'s solution for \<5 h. For testes \>50 mg, tissue was sliced into 2--3 mm thick slabs orthogonal to the long axis of the testis. For LD hamster testes, two of the four slabs were selected using a systematic random sampling scheme, for testes between 50 and 150 mg, one of the two slabs was selected, while \<50 mg testes were processed whole and embedded into hydroxyethylmethacrylate resin (Technovit 7100: Kulzer and Co. GmBH, Friedrichsdorf, Germany) according to the manufacturer\'s instructions. Thick resin sections (25 μm) were serially cut (Supercut Microtome, Reichert Jung 2050, Nussloch, Germany), stained with the Periodic acid -- Schiff\'s reaction reagents and counterstained with Mayer\'s haematoxylin as previously described ([@bib21]) for the determination of cell number. All slides were masked prior to estimation of germ cell number.

Cell number estimates using the optical disector method
-------------------------------------------------------

The optical disector method ([@bib41]) was used to determine the total number of cells per testis as previously described ([@bib19], [@bib21]). Hamster germ cells were identified using the morphological criteria of [@bib39] with similar criteria used for rats ([@bib36]) as previously described ([@bib18]). A total number of 80--300 nuclei of each cell type were counted per animal, except for pachytene spermatocytes and spermatids in SD hamster as few cells were observed. One unbiased counting frame in each field (area of each frame being 459 μm^2^) was employed to count Sertoli cells and early germ cell types (spermatogonia through to zygotene spermatocytes) in SD hamsters, while one unbiased counting frame in each field (2923 μm^2^) was used for LD hamsters. Pachytene spermatocytes were counted in one frame per field (2088 μm^2^), while spermatids were counted using a set of two unbiased counting frames (2×459 μm^2^) per field. Cells were counted in a depth of 10 μm. The final screen magnification was 2708×. As previously determined, no correction for shrinkage was required ([@bib17], [@bib19]).

The number of Sertoli and germ cells per testis was estimated for all groups. Germ cells were counted in the following categories: type A spermatogonia (across all stages)/intermediate spermatogonia (associated with stages I--IV); type B spermatogonia/preleptotene spermatocytes (associated with stages V--VIII), leptotene/zygotene spermatocytes (associated with stages IX--XII); pachytene spermatocytes (associated with stages I--XII); round (associated with stages I--VIII) and elongating and elongated spermatids (associated with stages I--XII).

Serum testosterone assay
------------------------

Serum T levels were measured by RIA after ether extraction as described ([@bib4]). Serum samples were assayed in duplicate across a single assay. Assay sensitivity for serum was 0·4 ng/ml and the within-assay coefficient of variation was 6%.

Testicular steroid assays
-------------------------

Intratesticular T, DHT, 3α-Adiol and 3β-Adiol were measured in testis homogenates (20--40 mg tissue/sample for SD animals, 140--240 mg/sample for LD animals), using HPLC and RIA, as described ([@bib29], [@bib16]). Steroid recoveries (%) per sample were monitored using radiolabelled ^3^H-T, ^3^H-DHT (NEN Life Science Products, Boston, MA, USA), ^3^H-3α-Adiol and ^3^H-3β-Adiol ([@bib29], [@bib16]) and were (mean±[s.d.]{.smallcaps}, *n*=39 for all groups) T 60·0±9·8, DHT 47·7±4·3, 3α-Adiol 56·1±5·0 and 3β-Adiol 55·0±5·3. All samples were assayed in 1--2 assays. Inter-assay and intra-assay variations were all \<14·1 and 8·8% respectively, as reported ([@bib15]). The sensitivities of the combined extraction, HPLC and RIAs, were calculated from the average recoveries of tritiated steroid, the average tissue mass extracted for analysis and the sensitivity of each RIA. These values were 0·15 ng/g testis for T, 0·30 ng/g testis for DHT, 0·31 ng/g testis for 3α-Adiol and 0·61 ng/g testis for 3β-Adiol.

FSH assay
---------

Serum FSH was measured by a heterologous RIA (Amersham FSH-kit RPA 550) as described for rats ([@bib2]) and hamsters ([@bib37]). NIADDK FSH standards (rat FSH-RP-2), tracer (FSH-I-6) and antisera rFSH-11 were used. Quality controls were rat sera from normal (values ranged between 13 and 18 ng/ml) and castrate (50--80 ng/ml) animals. The detection limit of the assay was 1·2 ng/ml and the within-assay coefficient of variation was 9·8%.

Statistical analysis
--------------------

Treatment groups were compared with SD controls using the Tukey\'s test or in the case of unequal variance, Dunn\'s method, for body and organ weights, serum FSH and cell populations using the program Sigmastat for Windows version 2.0 (Jandel Corporation, San Raphael, CA, USA). Data for steroid concentrations were analysed using GB Stat (Dynamic Systems Inc, Silver Spring, MD, USA) with *post hoc* analysis by the Student--Newman--Keuls test. The data are expressed as means±[s.e.m.]{.smallcaps}, except for androgen concentrations (mean±[s.d.]{.smallcaps}), with *n*=6--8 animals/group.

Results
=======

Body weights
------------

Body weights were reduced (*P*\<0·001) in SD control compared with LD controls ([Fig. 1](#fig1){ref-type="fig"}). Steroid administration did not affect body weight compared with their corresponding SD controls ([Fig. 1](#fig1){ref-type="fig"}).

Testicular weights
------------------

Testicular weights ([Fig. 1](#tbl1){ref-type="table"}) from SD animals were reduced (*P*\<0·001) to 6% of LD control values. In response to 33 days of T and E administration, testicular weights were not altered from SD control, being 6 and 7% of LD control respectively. DHT administration increased testicular weights twofold above SD controls (12% of LD controls, *P*\<0·05, [Fig. 1](#fig1){ref-type="fig"}).

Prostate weights
----------------

Prostate weights for SD controls were reduced to 21% of LD controls (*P*\<0·001, [Fig. 1](#fig1){ref-type="fig"}). Testosterone, DHT and E administration to SD animals increased prostate weights compared with SD controls to 76, 40 and 108% of LD values respectively (*P*\<0·01).

Seminal vesicle weights
-----------------------

Seminal vesicle weights for SD controls were reduced to 5% of LD control animals (*P*\<0·001, [Fig. 1](#fig1){ref-type="fig"}). In response to T and E treatments, seminal vesicle weights were restored to normal weights (82 and 111% respectively), while DHT administration gave a 3·8-fold increase in seminal vesicle weight compared with SD control (19·4% of LD control); however, this did not achieve significance.

Gonadal fat pad weights
-----------------------

Gonadal fat pad weights for SD controls were reduced to 42% of LD control values (*P*\<0·001, [Fig. 1](#fig1){ref-type="fig"}). In response to T and DHT administration, gonadal fat pad weights remained at SD control values, while E administration increased (*P*\<0·01) gonadal fat pad weights above that of SD controls to 86% of LD control values.

Hormone levels
--------------

Serum FSH levels were reduced to the detection limit of the assay (1·2 ng/ml) in SD controls and were at least threefold less than LD controls (*P*\<0·01; [Table 1](#tbl1){ref-type="table"}). Administration of E and DHT mildly increased serum FSH levels but this did not achieve significance, while the T-treated group remained at SD control values.

Serum T levels in SD hamsters were not significantly reduced compared with LD controls, but remained near the detection limit of the assay ([Table 1](#tbl1){ref-type="table"}). Administration of steroids did not affect serum T significantly compared with SD hamsters.

Testicular steroids
-------------------

Testicular T, DHT, 3α-Adiol and 3β-Adiol concentrations (ng/testis) in SD hamsters were reduced (*P*\<0·01) compared with LD hamsters being 2, 5·2, 5 and 6% of LD values respectively ([Table 2](#tbl2){ref-type="table"}). When androgen concentrations were expressed on ng/g testis basis, testicular T in SD hamsters was also reduced (*P*\<0·001) to 35% of LD controls; however, there were no differences in the other androgens ([Table 2](#tbl2){ref-type="table"}). No significant differences were observed in testicular steroid concentrations in response to T, E and DHT treatments, but these results were partly confounded by wide animal variation. It is noteworthy that there was a 1·7-fold increase in testicular T concentrations following DHT and E treatments but not with T treatment, while testicular DHT concentrations increased twofold after DHT treatment ([Table 2](#tbl2){ref-type="table"}).

Cell populations
----------------

### Sertoli cells

A reduction in Sertoli cell number to 48% was observed in SD control hamsters (*P*\<0·001, [Fig. 2](#fig2){ref-type="fig"}) compared with LD controls following 11 weeks of photoinhibition. In response to T and E administration, Sertoli cell number was partially increased from SD control to 69% (not significant) and 87% (*P*\<0·001) of LD control values respectively. DHT administration increased Sertoli cell number back to LD control values (*P*\<0·001).

### Early germ cells

Compared with LD controls, a reduction in type A spermatogonial, type B spermatogonial/preleptotene spermatocyte and leptotene/zygotene spermatocyte number to 29, 20 and 7% respectively in SD control hamsters was observed (all *P*\<0·001, [Fig. 2](#fig2){ref-type="fig"}). In response to T and E administration, type A spermatogonial number tended to be increased (NS) above that of SD controls being 42 and 51% of LD control values**.** DHT partially restored type A spermatogonial number (*P*\<0·002) being 75% of LD control values ([Fig. 1](#fig1){ref-type="fig"}). T treatment did not alter type B spermatogonial/preleptotene spermatocyte and leptotene/zygotene spermatocyte number compared with SD control values ([Fig. 2](#fig2){ref-type="fig"}). In response to E and DHT administration, type B spermatogonial/preleptotene spermatocyte number were partially restored to 44 and 69% of LD control values (*P*\<0·01) respectively ([Fig. 2](#fig2){ref-type="fig"}). Oestradiol and DHT administration tended to increase leptotene/zygotene spermatocytes number above that of SD control values, although this did not achieve significance, being 15 and 40% of LD control values respectively.

### Later germ cells

Less than 1% of the pachytene spermatocytes remained in SD controls compared with LD control (*P*\<0·001, [Table 3](#tbl3){ref-type="table"}), while round and elongated spermatids were not detected in SD control hamsters except in the case of one animal. In response to DHT treatment, pachytene spermatocyte number increased to 21% of LD control respectively, compared with SD controls ([Table 3](#tbl3){ref-type="table"}). Oestradiol treatment tended to increase pachytene spermatocytes to 6% of LD control levels (NS), while T treatment had no effect ([Table 3](#tbl3){ref-type="table"}).

Discussion
==========

In this study, we sought to establish the long-term (33 days) effect of T and its metabolites DHT and E on the re-initiation of Sertoli and germ cell numbers in the adult photoinhibited Djungarian hamster, as assessed by the optical disector (*sic*) stereological method. Serum and testicular hormone levels were monitored in all groups. Consistent with previous work ([@bib20]), this study demonstrates that the 95% decrease in testis weight observed after 11 weeks of photoinhibition, as a result of gonadotrophin suppression, is attributable to significant decreases in both the Sertoli and germ cell populations, with spermatogenesis being arrested at the level of the primary spermatocytes. This study suggests that steroids can regulate the re-initiation of early spermatogenic cells via a mechanism which includes FSH, but are not capable of supporting full spermatogenesis. More specifically, androgen in the form of DHT treatment increased Sertoli cell and spermatogonial numbers back to LD control levels, with a partial increase in spermatocyte numbers. Similarly, E restored Sertoli cell numbers and partially restored late spermatogonia and early spermatocyte populations. However, none of the steroids altered round spermatid or elongated spermatid numbers, which remained at SD levels. It is noteworthy that both DHT and E also produced an approximately twofold elevation in serum FSH. This study also provides new data regarding steroid concentrations (T, DHT, 3α-Adiol and 3β-Adiol) in the Djungarian hamster testis as a result of photoinhibition.

The mechanism by which steroids exert their effects on Sertoli and early germ cell numbers in this model remains unclear, although two models are proposed. First, steroids could support Sertoli and early germ cells directly via an FSH-independent pathway, or secondly, steroids could operate via a mechanism which includes the stimulation of FSH production from the pituitary. In support of the former, both androgen ([@bib16]) and oestrogen receptors (β) are present on rat Sertoli cells, while oestrogen receptor β is also present on rat spermatogonia ([@bib28]). Whether these localisations are true for the hamster remains unknown although oestrogen receptor α and β message has been found in testis extracts ([@bib12]) and androgen receptor protein is expressed in the somatic cells of the testis (S J Meachem, unpublished data). Oestrogen has been claimed elsewhere to have FSH-independent stimulatory effects on hamster spermatogenesis in both immature ([@bib32]) and adult SD animals ([@bib33]), although the extent of this independence is a moot point given that FSH potencies could not be accurately determined. In addition, these authors show that E acts via a different pathway compared with that of T and DHT to inhibit puberty in the male Siberian hamster ([@bib32]). Testosterone in the current model was ineffective in supporting Sertoli and germ cell development, possibly as a result of the dose of T administered. It is speculated that a higher dose of T would emulate the DHT response, which has been shown elsewhere to be up to tenfold more potent than T ([@bib7]), although this calculation is complicated by an approximately 30% slower release rate of DHT than T from Silastic implants ([@bib1]). Nonetheless, the changes in gross organ weights of the androgen-dependent organs (prostate, seminal vesicle) demonstrate that both administered androgens were biologically active. Finally, in the normal Djungarian hamster, there is no data thus far to suggest a role for T in promoting the re-initiation of spermatogenesis ([@bib14], [@bib20]), and T has only been reported to be important for mounting behaviour ([@bib14]).

The second model is that the observed steroidal effects were a consequence of the stimulation of FSH production from the pituitary. This seems likely since a mild increase in serum FSH was observed in DHT- and E-treated hamsters, consistent with effects seen on the re-initiation of early germ cells and the Sertoli cell population. A similar mechanism of E-stimulated FSH production in the *hpg* mouse has also been shown to induce spermatogenesis ([@bib8]). It is known that FSH plays a major role in regulating Djungarian hamster spermatogenesis ([@bib14]), in particular in the early phase of the re-initiation process of Sertoli and germ cells (spermatogonia and spermatocytes; [@bib20]). However, whether sub-physiological levels of FSH are capable of having significant effects on the hamster spermatogenic process has yet to be determined. Evidence in gonadotrophin-deplete adult rats, a species considered to be less dependent on FSH than the hamster, has shown that even a low FSH level has substantial stimulatory effects on spermatogonial and spermatocyte number ([@bib22]).

In line with our previous work ([@bib20]), this study has shown that the adult Sertoli cell population can be hormonally regulated as evidenced by a 50% reduction in the Sertoli cell population after photoinhibition and a full or partial restoration to LD values with DHT and E respectively via a mechanism which includes FSH, within 33 days of exogenous treatment. Testosterone had little to no effect on Sertoli cell number, presumably due to the lack of rise in FSH as a result of dose-related effects (discussed above). We have previously shown that the adult Sertoli cell population is hormonally dependent in the Djungarian hamster ([@bib20]) and that these Sertoli cells can re-enter the cell cycle and proliferate in response to FSH ([@bib38]).

In order to identify sites of hormone action on the spermatogenic process, the following assumptions require consideration. The stereological approach depends on the morphological classification of germ cells, which in turn is partly based on cell association patterns (i.e. staging) of which there are 12 stages in the Djungarian hamster ([@bib39]). Staging is unreliable in the SD hamster due to the severe regression and the lack of specific markers to allow morphological discrimination of type A spermatogonial subtypes from intermediate and type B spermatogonia and preleptotene spermatocytes. Hence, germ cells were classified into broader categories based on their morphological characteristics without any reference to staging. The limitation of pooling germ cells into broader categories is that effects on particular germ cell subpopulations can be masked. It has been assumed that a steady state of germ cell development under the influence of each treatment has been established over the 33-day period of this study, and the rate of germ cell development is not altered by gonadotrophin withdrawal in the SD adult hamster, as has previously been demonstrated in the gonadotrophin-withdrawn adult rat model ([@bib6]). To assess Sertoli and germ cell numbers, this study has used a modern stereological approach, which is an unbiased and assumption-free method applicable to the assessment of non-spherical particles such as the nuclei of Sertoli cells, spermatogonia and elongated spermatids ([@bib41]). Tissue distortion measurements for Bouin\'s-fixed methacrylate-processed tissue have been made in our laboratory on a number of occasions ([@bib17], [@bib19]) with negligible distortion observed and thus cell estimates were not adjusted.

Spermatogonial number increased proportionately with the rise in the Sertoli cell population, consistent with the Sertoli cell providing the stem cell niche. Conversion ratios to understand the efficiency of germ cells progressing to the next step in spermatogenesis were examined (data not shown). No changes were observed between any germ cell type in any of the hormonally manipulated groups, except for DHT, which supported primary spermatocytes progressing to pachytene spermatocytes at similar levels to that observed in LD levels (70% efficiency) compared with \<20% in SD animals regardless of E and T treatments. Spermatogenesis did not proceed past that of pachytene spermatocytes after steroid treatment (with the majority of pachytene spermatocytes being in stages I--VIII, not IX--XIII) even after 33 days, which is sufficient time for a spermatogonium to become an elongated spermatid. The most likely explanation as to why full spermatogenesis was not achieved in this model is because FSH levels may be suboptimal to support spermatid maturation, as discussed above. However, it cannot be ruled out that testicular androgen levels may not have been adequate in this model. Although increases in DHT and T are reported here, these did not achieve significance, due to wide animal variation. All steroids administered were clearly biologically active at the serum level due to their effects on secondary sexual organs as well as the described testicular changes. In rats, only small changes in testicular T are required to have significant effects on spermatogenesis, most notably spermiogenesis ([@bib21], [@bib22]).

Our analysis of the intratesticular concentrations of T, DHT and both 3α-Adiol and 3β-Adiol in the Djungarian hamster *in vivo* has revealed a number of interesting points. First, the concentrations of DHT, 3α-Adiol and 3β-Adiol per gram testis were not altered between LD and SD animals, although T was significantly decreased. Hence, it does not appear that intratesticular DHT, 3α-Adiol and 3β-Adiol play any local role in the testicular changes that occur during regression. In contrast, ratios of 6- to 35-fold between LD and SD values for DHT and 3α-Adiol production by testicular homogenates have been reported for the golden hamster ([@bib9]). It is not clear why this apparent species difference exists, but is most likely due to differences between the *in vivo* and *in vitro* measurement systems used. In our Djungarian hamster data, the total testicular concentrations (i.e. ng steroid/testis) of all of the androgens fell precipitously (16- to 60-fold) in line with the changes in testis weights between LD and SD animals, as observed elsewhere ([@bib37]). It is also noteworthy that we did not observe an elevated level of 3α-Adiol in SD animal testis, which in the golden hamster testis has been shown to be approximately eightfold greater per gram testis than testosterone ([@bib9]). Again, the significance of this difference remains unknown.

In conclusion, this study demonstrates that T and its metabolites differentially regulate the initial phase of the re-initiation of Djungarian hamster spermatogenesis via a mechanism that includes FSH. DHT and E increased Sertoli cell, spermatogonial and spermatocyte populations, but T was ineffective. Steroid treatment provided little to no support for spermatid development.
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![Body and organ weights in photo-stimulated (long day, LD) adult Djungarian hamsters that were exposed to short photoperiods (short day, SD) for 11 weeks. Hamsters were then given 3 cm Silastic implants filled with testosterone (T), oestradiol (E, 10% in cholesterol) or dihydrotestosterone (DHT) for 33 days. LD and SD controls received 3 cm cholesterol-filled Silastic implants. Data are means±[s.e.m.]{.smallcaps}, *n*=8 hamsters/group. Letters denote significant differences between the treatment groups at *P*\<0·05 or less (see text for specifics).](JOE060136f01){#fig1}

![The number of Sertoli cell, type A/intermediate spermatogonia, type B spermatogonia/preleptotene spermatocytes and leptotene/zygotene spermatocytes (millions per testis) in the photo-stimulated (long day, LD) adult Djungarian hamsters that were exposed to short photoperiods (short day, SD) for 11 weeks. Hamsters were then given 3 cm Silastic implants filled with testosterone (T), oestradiol (E, 10% in cholesterol) or dihydrotestosterone (DHT) for 33 days. Long (LD) and short day (SD) controls received 3 cm cholesterol-filled Silastic implants. Data are means±[s.e.m.]{.smallcaps}, *n*=8 hamsters/group. Letters denote significant differences between the treatment groups at *P*\<0·05 or less (see text for specifics).](JOE060136f02){#fig2}

###### 

Serum hormone concentrations in the photostimulated (long day, LD) adult Djungarian hamsters that were exposed to short photoperiods (short day, SD) for 11 weeks. Data are means±[s.e.m.]{.smallcaps}, *n*=8 hamsters/group

  ------------------- ----------------------- ---------------------
                      **Serum FSH** (ng/ml)   **Serum T** (ng/ml)
  **Treatment**                               
  Long day control    3·78±0·38^a^            1·13±0·12^a^
  Short day control   1·23±0·54^b^            0·86±0·12^a^
  +T                  1·55±0·44^b^            0·66±0·06^a^
  +E                  2·68±0·38^a,b^          1·02±0·17^a^
  +DHT                2·71±0·27^a,b^          1·52±0·24^a^
  ------------------- ----------------------- ---------------------

Hamsters were given 3 cm Silastic implants filled with testosterone (T), oestradiol (E, 10% in cholesterol) or dihydrotestosterone (DHT) for 33 days. LD and SD controls received 3 cm cholesterol-filled Silastic implants. Letters denote significant differences between the treatment groups at *P*\<0·05 or less (see text for specifics). Detection limits of assays are FSH 1·2 ng/ml and testosterone 0·4 ng/ml respectively.

###### 

Testicular steroid concentrations (ng/testis and ng/g testis) in the photostimulated (long day, LD) adult Djungarian hamsters that were exposed to short photoperiods (short day, SD) for 11 weeks. Data are means±[s.d.]{.smallcaps}, *n*=6--8 hamsters/group

  ------------------- ------------------------------ -------------------------------- ------------------------------------- -------------------------------------
                      **Testicular T** (ng/testis)   **Testicular DHT** (ng/testis)   **Testicular 3α-Adiol** (ng/testis)   **Testicular 3β-Adiol** (ng/testis)
  **Treatment**                                                                                                             
  Long day control    49·4±25·5^a^                   17·0±7·0^a^                      30·4±13·0^a^                          17·5±11·7^a^
  Short day control   0·8±0·1^b^                     0·9±0·1^b^                       1·5±0·7^b^                            1·1±0·6^b^
  +T                  0·8±0·1^b^                     1·1±0·7^ab^                      2·3±1·4^b^                            1·0±0·3^b^
  +E                  1·3±0·9^b^                     1·2±0·4^b^                       2·5±0·8^b^                            1·3±0·4^b^
  +DHT                1·4±0·8^b^                     1·8±0·7^b^                       4·5±3·8^b^                            1·2±0·5^b^
  Long day control    103·5±49·9^a^                  36·4±14·3^a^                     63·8±24·5^a^                          36·4±22·4^a^
  Short day control   36·8±10·8^b^                   41·0±8·3^a^                      67·2±37·5^a^                          49·7±35·0^a^
  +T                  31·0±4·4^b^                    42·6±23·4^a^                     87·9±47·5^a^                          39·7±9·5^a^
  +E                  41·2±18·2^b^                   38·8±10·6^a^                     88·8±42·6^a^                          42·6±13·3^a^
  +DHT                22·3±12·0^b^                   28·1±11·6^a^                     74·3±61·3^a^                          18·6±39·7^a^
  ------------------- ------------------------------ -------------------------------- ------------------------------------- -------------------------------------

Hamsters were given 3 cm Silastic implants filled with testosterone (T), oestradiol (E, 10% in cholesterol) or dihydrotestosterone (DHT) for 33 days. LD and SD controls received 3 cm cholesterol-filled Silastic implants. Letters denote significant differences between the treatment groups at *P*\<0·05 or less. The assays sensitivity values are 0·15 ng/g testis for T, 0·30 ng/g testis for DHT, 0·31 ng/g testis for 3α-Adiol and 0·61 ng/g testis for 3β-Adiol. Concentrations that were more than two standard deviations away from the mean were removed from the data set.

###### 

The number of pachytene spermatocytes and round and elongated spermatids per testis in photo-stimulated (long day, LD) adult Djungarian hamsters that were exposed to short photoperiods (short day, SD) for 11 weeks and then given 3 cm Silastic implants filled with testosterone (T), oestradiol (E, 10% in cholesterol) or dihydrotestosterone (DHT) for 33 days. Data are means±[s.e.m.]{.smallcaps}, *n*=8 hamsters/group

  ------------------- ----------------------------------------------- ---------------------------------------- --------------------------------------------
                      **Pachytene spermatocytes** (millions/testis)   **Round spermatids** (millions/testis)   **Elongated spermatids** (millions/testis)
  **Treatment**                                                                                                
  Long day control    55·4±3·2^a^                                     142±12·2^a^                              123±8·7^a^
  Short day control   0·53±0·17^b^                                    0·00±0·00^b^                             0·01±0·01^b^
  +T                  0·95±0·32^b^                                    0·12±0·14^b^                             0·03±0·02^b^
  +E                  3·29±1·02^b^                                    0·08±0·05^b^                             0·02±0·02^b^
  +DHT                10·1±2·03^c^                                    1·91±0·75^b^                             0·04±0·03^b^
  ------------------- ----------------------------------------------- ---------------------------------------- --------------------------------------------

LD and SD controls received 3 cm cholesterol-filled Silastic implants. Letters denote significant differences between the treatment groups or *P*\<0·05 or less (see text for specifics).
